norDIC optICAl teleSCope
The Nordic Optical Telescope (NOT) is a modern 2.5-m telescope located at the Spanish Observatorio del Roque de los Muchachos on the island of La Palma, Canarias, Spain. It is operated for the benefit of Nordic astronomy by the nordic optical Telescope Scientific Asso ciation (NOTSA), established by the national Research Councils of Denmark, Finland, Norway, and Sweden, and the University of Iceland.
The chief governing body of NOTSA is the Council, which sets overall policy, approves the annual budgets and accounts, and appoints the Director and Astronomer-in-Charge. A Scienti fic and Technical Committee (STC) advises the Council on scientific and technical policy.
An observing programmes Committee (OPC) of independent experts, appointed by the Council, performs peer review and scientific ranking of the observing proposals submitted. Based on the ranking by the OPC, the Director prepares the actual observing schedule.
The Director has overall responsibility for the operation of NOTSA, including staffing, financial matters, external relations, and long-term planning. The staff on La Palma is led by the Deputy Director, who has authority to deal with all matters related to the daily operation of NOT.
The members of the Council and committees and contact information to NOT are listed at the end of this report. We also continued to support two Spanish PhD students at Stockholm University.
The next high point was the 25th anniversary of the creation of NOTSA and the 20th anniversary of the inauguration of the telescope. We celebrated these events by holding the Council and STC meetings on La Palma in May and inviting as many of the veterans from the construction and early operation period of the NOT as could make it to La Palma. Highlights included a visit to the telescope, a review of our developments over the last few years, and of course another of the now-legendary staff parties hosted by Carlos Pérez (see below). A good time was had by all! The summer was marked by the first joint NOT-OnsalaTuorla summer school in June, sponsored by NordForsk. 21
Nordic-Baltic students studied star formation near and far with optical and near-infrared observations with the NOT and with mm data from the Onsala 20-m radio telescope, all by remote control from Tuorla Observatory in Finland (see p. 25). An international group of lecturers provided theoretical and practical background, and overall this multi-wavelength course was a great success and a model for the future. Funding for the two next courses has already been secured. A busy June was followed by an equally busy July, as we realuminised both mirrors of the NOT in record time. As our telescope and we went back to routine business, the rest of the observatory dressed in gala for the grandiose inauguration of our 10.4-m neighbour, the GranTeCan telescope, in the presence of Their Majesties, the King and Queen of Spain. We look forward to the accomplishments of this fine new facility on La Palma. NOTSA joined the IYA as an official Organisational Associate, but our special event was the visit in December by the winners of the essay competition for Nordic high-school students, whose prize was half a NOT observing night each on projects on their own choosing -an exoplanet and a black-hole binary. The weather was glorious, and the students obviously enjoyed both their visit and the projects.
ASTRONET and OPTICON
The ASTRONET and OPTICON networks, supported by the European Commission, aim to improve planning, coordination and cooperation in European astronomy (see www. astronet-eu.org, www.astro-opticon.org, and earlier Annual Reports) . NOTSA participates fully in both. After the major efforts resulting in the ASTRONET Science Vision (2007) and Infrastructure Roadmap (2008) , a number of reviews were initiated in 2009 to prepare the implementation of the recommendations of these documents, with reports expected in 2010. Preparations for the long-term continuation of regular planning initiatives are also under way.
Nordic cooperation
The NOT is known at home as an outstanding example of successful Nordic cooperation. But we were gratified to also NOT veterans (re)visiting the telescope.
SCI e nCe h Ig h lIg htS
The core mission of the NOT is to enable Nordic astronomers to do science. Formal publications from such projects are listed on p. 29; a few highlights are provided here for a more general readership.
Contributions have been edited to fit the available space, and for consistency of style.
CoSMologY AnD forMAtIon AnD eVolutIon of gAlAxIeS
The structure of the Universe is believed to be dominated by dark energy and dark matter, both of unknown nature.
Understanding these concepts and their role in shaping the modern Universe is a central goal of observational cosmology. In turn, the first stars and galaxies began the transformation of the baryonic matter in the Universe from a diffuse gas of hydrogen and helium to the chemically complex system of galaxies, stars, planets, and life that we live in today.
Distant galaxies seen through a gravitational telescope
A massive cluster of galaxies may act as a "gravitational lens": Light from distant background galaxies behind the cluster is deflected and focused towards the observer. The galaxy cluster then acts as a giant "natural telescope", magnifying and amplifying the images of distant sources.
In favourable cases, such lensing may allow detailed studies of objects that would otherwise be too faint to be observable. Strong gravitational lenses then provide a unique window into the high-redshift universe, in which objects are seen not only at immense distances, but also at a time when the Universe was quite young and galaxies just beginning to assemble.
In star-forming galaxies, the ultraviolet light shortward of the Lyman discontinuity at 912Å is totally absorbed by neutral hydrogen on the way to us, creating the so-called Lyman break in the spectrum. At redshifts z~3, the Lyman break is optimally located for imaging with the blue-sensitive MOSCA camera at the NOT. Unfortunately, typical
Lyman break galaxies at z~3 are too faint to permit further detailed spectroscopic studies, even with 8-10m class telescopes, but gravitational lensing may come to the rescue in rare cases.
We recently discovered such a gravitationally lensed Lyman break galaxy with the NOT, at a redshift of z=2.92
( Fig. 1) . Detailed modelling of the mass distribution of the lens, based on images and spectroscopic observations of the foreground cluster, reveals that the light of this galaxy is magnified a total of 40 times, more than in any of the only four previously known cases. This will allow detailed studies of the physical conditions in a star-forming galaxy when the universe was only two billion years old.
This discovery was made in the course of the large SDSS Giant Arcs Survey (SGAS) for new gravitational lens systems. SGAS is the largest and most successful effort to discover new cluster lenses and has so far found approximately 100 cases, most of them with the MOSCA camera at the NOT (see Fig. 2 for examples). This represents the first ever "lensing-selected" sample of clusters, which is excellently suited to probe the relative distributions of dark matter and baryons and the interaction between these two different mass components. In addition, both the statistics and the detailed properties of the new lenses will place tight constraints on the standard cosmological paradigm.
H. Dahle, Oslo, and the SGAS team 
h Ig h lIg htS
Discovering high-redshift quasars
One of the most remarkable recent discoveries is that all massive galaxies in the nearby universe contain black holes at their centres, with masses between 10 6 and 10 8 M
(1 M = the mass of our Sun). These black holes are believed to build up from small seeds over cosmic time by swallowing gas from their host galaxies. During this process the gas is heated up, and the centre of the galaxy shines brightly as a quasar -often outshining the rest of the galaxy. The bright emission from these quasars makes them relatively easy to find at very large distances, hence early in the life of the Universe, and quasars are now known at redshifts z > 6 -within the first billion years after the Big Bang.
While quasars are bright, they are also very rare, and large areas of sky must be surveyed discover them. Using the Canada-France-Hawaii Telescope and its wide-field optical camera, we are carrying out such a survey, the CanadaFrance High-z Quasar Survey (CFHQS), to find plausible quasar candidates at z ~ 6. But identifying the true quasars just from the optical images is difficult, because they are greatly outnumbered by similar-looking brown dwarfs, or "failed" stars, in our own Galaxy. This is where the NOT comes in: Near-infrared imaging with NOTCam allows us to separate the distant quasars from the brown dwarfs. The excellent image quality at the NOT makes this a very efficient process. Once we have identified the true quasar candidates, we measure their redshift with spectrographs at the Gemini and other 8-10m
telescopes (Fig. 3) . In 2009 we discovered CFHQS J1429+5447 at the NOT; at a redshift of z=6.21, this quasar also emits substantial energy in the radio domain from its relativistic jets and is the most distant radio-loud quasar known.
The CFHQS has now discovered 20 new quasars at redshifts between 5.88 and 6.44, and further study is ongoing to probe the distribution of quasar luminosities and black hole masses, the star formation, gas and dust content of the host galaxies, and the reionization and metal enrichment of the intergalactic medium.
C. Reylé, Besançon, and the CFHQS team.
Gamma-Ray Burst smashes cosmic distance record
The long-mysterious Gamma-Ray Bursts (GRB) were
shown just a decade ago to arise in violent stellar explosions that produce fast-decaying afterglows in their host galaxies. GRBs are so bright that, for a short while, they outshine every other known object in the Universe, both in optical and near-infrared light and in X-rays, and several have been identified with supernova explosions in very massive stars. Observing the afterglows allows us to determine redshifts and probe the extreme physics of GRBs.
The NOT has been very active in determining redshifts for
GRBs discovered with the Swift satellite (see Annual Reports 2004 Reports -2008 ) -6 in just the last couple of years. This is by far the largest number obtained by any 2-4m class telescope, due to the flexible, optimised operation at the NOT, which allows any observer to obtain useful data at very short notice (see Fig. 4 ). This has added many new GRBs at redshifts beyond 2 -a time when star formation was very active and the first galaxies were assembled.
2009 will go down in history for the discovery of a GRB at a record redshift. The object, GRB 090423, was immediately flagged as a possible high-redshift burst. Deep NOT images in optical and near-infrared bands failed to reveal it, so it could not be a normal GRB with high dust extinction. NIR spectroscopy with the Italian TNG and ESO VLT telescopes eventually proved that this was the most distant object ever discovered, at a redshift of z = 8.2. In other words, the explosion occurred when the Universe was only ~630 million years old, just 5% of its current age.
We have also observed GRBs detected at high energy by the Fermi satellite. These afterglows are usually bright and easy targets for redshift determination, which is the key to understanding their high-energy properties and any quantum gravity effects, such as a possible variation of photon speed with energy. Accumulated over cosmological times, such effects might be reflected in the GRB light curves. In Powering the large peak luminosity and slow decline of this light curve requires that the explosion produced more than 1.3 M of radioactive 56 Ni, suggesting that the progenitor mass exceeded M Ch . The unusually low ejection velocities seen in the spectra also support this theory. These data give interesting insights into blazar jets. First, while the 12-year outbursts in OJ287 emit unpolarized 
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Log F + const. 6000 5000 4000 3000 7000 8000 9000 10000 h Ig h lIg htS Polarization can also be used to better understand the origin of the variability observed in AGN jets. We found that the variable polarization frequently describes a rotation in the Stokes plane (see Fig. 9 ), presumably the sign of a shock front in a relativistic bubble of gas moving along a helical jet. However, one must understand the stable polarized component in order to separate the underlying jet emission from the intermittent turbulent emission in the ejected gas bubbles.
C. Villfort, K. Nilsson, Turku; J. Heidt, Garching;
T. Pursimo, NOT; and collaborators Identifying nearby star-forming galaxies in far-infrared data
Understanding galaxy evolution requires observations in the infrared, because much of the strong, early star formation took place in very dusty, obscured environments. The past decade and a half has been a golden age of such studies, with such space missions as ISO, Spitzer, and now Herschel. However, the low spatial resolution of far-IR (FIR) space telescopes makes identification of individual galaxies at other wavelengths very difficult.
Instead of measuring the properties of individual FIR galaxies one can also study the integrated Cosmic Infrared
Background Radiation (CIRB): The bulk of it is expected to originate from luminous IR-galaxies, LIRGs, at redshifts of z~1 and above, though the results are still somewhat model dependent. Yet, the difficulty of identifying even the brightest FIR sources contributing to the CIRB still makes their very nature uncertain. We have therefore studied these objects by imaging FIR fields from ISO with both
NOTCam and ALFOSC.
After careful multi-wavelength imaging and archival spectroscopy of the brightest galaxies, we identify the most probable counterparts of the FIR galaxies by means of a full spectral energy fit to all sources in the FIR error circles.
Approximately 80% were identified as star-forming or star- h Ig h lIg htS bursting galaxies at z<0.3. This is totally consistent with previous studies, so not very surprising. However, only 20% of all the sources can be uniquely matched with a single galaxy: Nearly half the FIR sources are blends of two or more nearby star-forming galaxies, while another fifth appear to be blends of nearby and fainter galaxies, probably luminous infrared galaxies (LIRGs) at z>0.5 (see Fig. 10 for a difficult case).
The importance of blending and confusion of targets is often not sufficiently appreciated: Many studies simply force a match of the FIR source to a single counterpart candidate. Not accounting for blending also results in an overestimate of the FIR source counts, which are used as important constraints on galaxy evolution models. We find that "de-blending" the bright FIR source population both steepens and reduces the FIR count distribution. Finally, that so many sources are blended means that FIR galaxies typically live in environments of pairs or small groups of galaxies. This aspect of the project is now a subject of further study.
P. Väisänen, Cape Town; J. Kotilainen,
The distribution of Lyman  radiation in galaxies
Astronomers are constantly striving to understand the evolution of the Universe, the formation of its structure, and the rise of the first stars and galaxies. One of the tools for detecting young, distant galaxies is the Lyman a (LyA) line of excited neutral hydrogen, which is strong in active star forming regions. Its rest wavelength at 1216 Å is in the space ultraviolet, but it becomes observable in visible light in high-redshift galaxies. However, few details are visible in such very distant objects, even with our largest telescopes. Hence, to be able to understand what we see out there, we need to study more nearby galaxies. Although they are more evolved than those in the early Universe, we can learn much about the basic physical processes by studying them in detail.
We have used far-UV images from the Hubble Space Telescope (HST) to create detailed maps of the LyA emission in 14 local star-forming galaxies. Young, hot stars produce the ionizing photons that create the original LyA emission, but the path of the LyA photons from there to us is still a puzzle. The emitted flux depends on the physical properties of the galaxy, but LyA photons are scattered unaltered in the interstellar medium; they can only be destroyed by dust absorption. Theories of how LyA photons can escape from the galaxy include a turbulent or multiphase interstellar medium, the distribution of dust relative to the gas, and diffuse scattering. In an earlier project we showed that some LyA radiation can escape directly, but the main part often forms a diffuse halo of multiply scattered LyA photons.
To interpret these LyA maps we must remove the underlying stellar continuum. The highly variable continuum slope in the far-UV makes this is a non-trivial procedure. Multiwavelength images are needed to model the distribution of stellar populations and dust in these galaxies. For this, we have used the NOT and ALFOSC with broad-and narrowband filters adapted to the individual redshifts of our galaxies. The data are now being reduced and analyzed, with the galaxy UGC 08012 as a pilot object. Fig. 11 shows a series of views of the different components of this galaxy.
E. Leitet, Uppsala h Ig h lIg htS
Red giant stars in nearby galaxies To contribute to this field, we observed two Local Group dwarf galaxies, NGC147 and NGC185, with the NOT and ALFOSC. These galaxies are close enough to be resolvable into individual stars and small enough that large parts are covered in a single ALFOSC field. Both systems are dominated by an old red stellar population, so we were able to follow the light variations of many bright red giants, predominantly AGB stars. Observing every ~2 weeks over 2.5 years was necessary to cover the longest periods; this was made possible by the service observing mode offered at the NOT.
In each galaxy, ~20.000 objects can be identified on each ALFOSC frame, and ~1% of these turned out to be LPVs (513 in total). The measured light curves (see examples in , this provides a good characterisation of the variables and allows us to derive the PLR for these galaxies.
Our study (i) provides identifications of LPVs in these galaxies as targets for follow-up observations, (ii) contributes to our understanding of AGB variability (interrelation between pulsation and mass loss; metallicity effects on the We obtained FIES spectra at the NOT for 53 stars with these halo kinematics and added ESO VLT/UVES spectra of other halo and thick-disk stars. After excluding binary stars, a model-atmosphere analysis was used to derive element abundances from the strengths of atomic absorption lines. The kinematics of the stars show that the `low-Mg' stars move on larger Galactic orbits than the `high-Mg' stars. Altogether, it seems that the `low-Mg' halo stars have been formed in dwarf galaxies that were accreted by the Milky Way as predicted by hierarchical structure formation models. The high-Mg stars, on the other hand, may be ancient disk or bulge stars `heated' to halo kinematics by the merging dwarf galaxies.
P.E. Nissen, Aarhus; W.J. Schuster, Ensenada We are studying the timing and location of the star formation processes that formed the giant HII region Sh 2-284 in the Milky Way. Fig. 15 shows an overview of the region, outlining a bubble of hot gas traced by broad-band mid-IR (red) and Ha emission (blue). We focus here on the cluster Dolidze 25, located in the centre of the dust bubble, for which we have obtained optical and near-IR photometry using ALFOSC and NOTCam at the NOT (Fig. 16) . From the optical photometry we identify the main-sequence stars (that are already formed) and the pre-main sequence h Ig h lIg htS
The age determination is illustrated in Fig. 19 Precise star cluster ages and stellar evolution tests.
Determining stellar ages is one of the most important, but also most difficult tasks in astrophysics. This is not only due to observational uncertainties, but also because theoretical stellar models are needed to obtain ages from the observations. Being able to model stars accurately is therefore indispensable.
Star clusters have long been used to test stellar models and determine ages by fitting models to the colours and magnitudes of the cluster stars. The accuracy of this method is limited by uncertainties in the distance and interstellar reddening of each cluster and in the colour-temperature calibrations, which cannot be disentangled from model uncertainties without additional information.
Detached eclipsing binary systems are also used to test stellar models, because accurate and essentially modelindependent masses and radii for the stars can be meas- However, if a binary is also member of a stellar cluster, the strengths of the two methods can be combined. In 2008,
Grundahl et al. measured masses and radii of the binary V20
in the old open cluster NGC6791 and used them, and the known cluster metallicity, to show how various current stellar models led to widely different ages. However, they had insufficient information to identify the best model. We are now observing two newly discovered binaries in the same cluster to determine four additional masses and radii, which will help to pin down the most reliable model for the cluster stars. We plan to expand these strong tests of stellar evolution and accurate age determinations to several more clusters in which we have found multiple binaries. The "right" stellar model must fit them all! The eclipse light curves from which we measure the stellar radii must be of high quality in order to obtain accurate results. Because the stars are faint, the periods long and eclipses rare, we need a medium-size telescope with flexible scheduling in order to cover the eclipses properly. The NOT provides these essential characteristics, and we plan to rely on it in the future as well.
K. Brogaard, Aarhus
Observing stellar evolution in real time
Highly evolved cool stars tend to lose mass at a high rate.
This mass loss is generally asymmetric, but we do not understand why. Even though the star itself is practically spherical during its whole life, the mass outflow near the end of its life is not. Our aim is to establish the structure and kinematics of the circumstellar matter surrounding outstanding examples of evolved stars exhibiting strong With a 7-year observational history, this is now the best studied light echo in the history of astronomy.
The nova remnant GK Per (Fig. 21) is a result of a bright classical nova explosion in 1901. The remnant itself became visible 15 years after the outburst and has been observable ever since in continuum light and in emission lines. It is one of the most energetic and longest-lived nova remnants, the expansion of which is clearly visible on human time scales (1" per year).
R Aqr (Fig. 22) is a symbiotic binary system surrounded by a prominent, bright jet and a fainter hourglass-shaped nebula. Because it is nearby -200 pc -the evolution of this jet can also be easily followed from the ground.
These exceptional objects give us a unique opportunity to study the expansion of stellar outflows in real time. Through multi-epoch imaging we can resolve the apparent expansion of the outflow, and thus determine the velocity component in the plane of the sky -information that can be obtained only for few stellar outflows. Combining this with radial velocity measured from spectroscopy provides the most powerful tool to determine the 3D geometry and dynamics of the outflows. This work is in progress at the moment, and we expect to see the first results in the middle of 2010.
T. Liimets, NOT; R. Corradi, La Laguna h Ig h lIg htS
Classifying newly discovered Supernovae Over the next few years, an unprecedented harvest of supernova discoveries is expected from Pan-STARRS1 (PS1), a 1.8 meter survey telescope in Hawaii. With a 7 square degree field of view and the largest digital camera ever built for astronomy, PS1 can survey the whole visible sky about every two weeks. During the next few years PS1 will provide the widest and deepest survey ever for transient sources in the local Universe, giving us an opportunity to determine the most accurate core-collapse SN rate ever in nearby galaxies, plus a wide range of other astrophysical studies. The NOT is the ideal tool for us to participate in this exiting project.
To fully exploit the potential of PS1 for SN science, a reliable spectroscopic classification for a large number of SNe is crucial, because different types of SNe have very different properties and origins. This will allow us to obtain accurate CCSN rates, also for the rarer subtypes, and the SN rate as a function of galaxy type will shed important light on massive star evolution. We have therefore started an observing programme with the NOT to classify the brightest SNe discovered by PS1 (see examples in Fig. 23 ).
From the spectra, particularly interesting CCSN events can also be selected for detailed follow-up using a range of ground-based telescopes. For example, one of the first PS1 (Fig. 26) .
Understanding the secular decrease in luminosity is one of the many important aspects of Crab pulsar research, which aims to build accurate pulsar models and understand the mechanisms behind these spectacular objects. If a planet candidate survives this step, we proceed to take high signal-to-noise spectra to determine the orbit and mass of the planetary companion. This is a slow process, which effectively limits the rate at which exoplanet discoveries from Kepler can be confirmed and published.
Among the early NOT contributions to this programme is the orbit of the exoplanet Kepler-7b (Fig. 28) showed larger rotational broadening of the spectral lines than its companion, so we obtained 14 SOFIN spectra of it in August-September 2009. Indeed we found radial velocity variations indicating that this star has a companion (Fig. 29) , but the variations were too small to be caused by a normal star.
Without knowing the orientation of the orbital plane it is impossible to estimate the mass of the companion, but the significant light variations caused by star spots imply that the star is not seen pole-on. Moreover, the well-determined orbital period of 1.59±0.02 days is different from that seen for the spots (3.5-3.7 days), and the mean line asymmetry does not change with orbital phase as is expected for spots. If we assume an inclination of at least 15°, we get an upper limit of 5 M Jup for the mass of the unseen companion.
H. Korhonen, ESO; I. Ilyin, S. Järvinen, Potsdam;
K. Oláh, Konkoly; M. Andersen, Munich
Orbital evolution of extrasolar planets
The discovery that 51 Peg b, the first planet found orbiting a Sun-like star, is unlike any in our Solar System was a great surprise: It is similar in size to Jupiter, but resides roughly 10 times closer than Mercury to its host star. Since then, ~100 of these so-called hot Jupiters have been found, about a quarter of all known exoplanets. h Ig h lIg htS
The hot Jupiters pose a serious challenge to our understanding of planetary systems. Theory predicts that Jupiter-size planets form far from the star where there is enough cool material to create large bodies. So how do hot Jupiters form? It is thought that they do form far from the star, but then migrate inwards later, and several different mechanisms have been proposed. The degree of alignment between the planet's orbit and the rotation axis of the star is one clue to distinguish between them, and this can be measured if the planet is seen to transit in front of its host star (see Fig. 27 ). When this happens, the planet blocks out a small fraction of the light from the rotating disk of the star (Fig. 30) and not only makes it appear a bit dimmer, but also distorts the shape of the spectral lines.
By measuring the mean shift in the position of the lines caused by this distortion, the so-called Rossiter-McLaughlin (RM) effect, we can reconstruct the trajectory of the planet across the stellar surface (Fig. 31) . Here we employ polarimetry to directly probe the atmospheres of both transiting and non-transiting exoplanets.
Starlight scattered in a planetary atmosphere carries information on its geometry, chemistry, structure, and thermo-dynamics (Fig. 32) . In general, as the planet orbits its parent star, the scattering angle changes and the Stokes parameters characterising the polarized light vary with two peaks per period near maximum elongations for a circular orbit (Fig. 33) . Therefore, variable polarization indicates the period, inclination, eccentricity, and orientation of the orbit, even if it is seen nearly face-on. Thus, uniquely, polarization data can constrain the inclination and As part of J. de León's thesis project, we therefore undertook a survey of the visible and near-infrared spectra of 105 near-Earth asteroids, using the NOT and ALFOSC for the visible spectra. A mineralogical analysis based on these spectra showed that MBs and OCs have similar compositions, as expected. Surprisingly, however, the NEAs were much richer in olivine than OCs and more similar to the small subgroup of LL chondrites, which constitute only 8% of all meteorites (see Fig. 35 ). Furthermore, about 50% of the NEAs come from the inner part of the MB, where the asteroids are also olivine-rich.
The sizes of these objects are a clue to this difference ( careful preparation. One thing we learned was that, while an elaborate procedure and appropriate tools for removing and installing the primary mirror had been provided when the telescope was built, this was not the case for the secondary, resulting in some initial decentering coma when the telescope was pointed at the sky again. This was quickly corrected, and a proper procedure for measuring and recovering the position of the mirror is now in place for next time.
Instrumentation
The fast next-generation detector array controller under development at Copenhagen University since some time was successfully tested at the NOT in the spring of 2009. In parallel, a coordinated project was initiated at the NOT to develop a user interface for efficient, integrated control of the telescope, instrument, and detector with a similar "look and feel" as the one our users have come to appreciate. External interest in the system is keen, so we have signed a contract with the Niels Bohr Institute for the production of a series of these units for delivery in 2010, and to deliver our spare mosaic CCD camera with the new controller to a Russian observatory. We hope to use the funding generated from this production to upgrade some of our CCDs. This should complete the modernisation programme of the NOT and its instrumentation, but further developments in capability and efficiency are foreseen, partly in cooperation with Chinese colleagues.
In parallel, FIES was provided with a new fibre bundle, offering improved throughput and a working sky background fibre. The thermal control of the building has also been improved, and the temperature is now very stable. On NOTCam, the cooling system is now working so well that, at the time of this writing, the instrument has been kept continuously cold for over a year.
Finally, development of the sequencer system has continued, in particular with the addition of instrumentspecific telescope setup scripts that greatly simply the changeover from one instrument to another, e.g. when a Target of Opportunity needs a different setup than that used by the scheduled observer.
-then the primary with the telescope vertical.
Removing the secondary mirror with the telescope horizontal… eDuCAtIon
General
As part of our efforts to define the future role of the NOT in European astronomy, we have developed a suite of educational offers for students at levels from high school to PhD. These services range from on-site and off-site observing courses, the latter by remote observing from any suitable classroom in the world, to our Research Studentships where students spend of order one year in hands-on training on La Palma. A general overview of these services was given in the Annual Report for 2008 (p. 22-25) , with highlights in earlier issues.
In 2009 we went a step beyond our traditional field of optical and near-infrared (NIR) observations: A decade from now, astronomers will have access to a full range of ground-and space-based observing facilities from X-rays to radio waves, and a multi-wavelength approach will be essential to derive the best science. Moreover, Nordic astronomers will be able to use front-line optical, infrared and millimetre facilities through the European Southern The night we thought we would discover a new supernova… Students and faculty at the NOTSA-OSO summer school at Tuorla.
oB S e rVI ng tIMe
Observing time is the key scientific asset of a telescope. Compe tition for time is strong, so the review and allocation process must be seen as competent, transparent, and impartial. 
Observing time in 2009
Observing statistics are compiled by allocation period, so this report covers the year April 1, 2009, to April 1, 2010. The "pressure factor" (nights requested/nights avail able) was 2.0.
In total, 314 nights were used for scientific observations, including the 25% of all time that is reserved for Spanish and CCI international projects. 245 nights were available to the Nordic community, including training courses (10 nights). 17 nights or 6% were allocated to projects by NOT staff and 65.5 nights or 25% to non-Nordic ("foreign") projects; only 12 of these nights were refunded as OPTI- Over the last five years, the Nordic time was shared with 30% to Danish projects, 25% to Finland, 4% to Iceland, 14% to Norway, and 27% to Sweden. Telescope and instrument operation and maintenance:
Operation, repair, and spare parts for the telescope and instruments; cryogenics, electronics, optics, and data acquisition and archiving equipment. 
